In September 2016, Médecins Sans Frontières responded to a hepatitis E (HEV) outbreak in Chad by implementing water treatment and hygiene interventions. To evaluate the coverage and use of these interventions, we conducted a cross-sectional study in the community. Our results showed that 99% of households interviewed had received a hygiene kit from us, aimed at improving water handling practice and personal hygiene and almost all respondents had heard messages about preventing jaundice and handwashing. Acceptance of chlorination of drinking water was also very high, although at the time of interview, we were only able to measure a safe free residual chlorine level (free chlorine residual (FRC) 0.2 mg/L) in 43% of households. Households which had refilled water containers within the last 18 hours, had sourced water from private wells or had poured water into a previously empty container, were all more likely to have a safe FRC level. In this open setting, we were able to achieve high coverage for chlorination, hygiene messaging and hygiene kit ownership; however, a review of our technical practice is needed in order to maintain safe FRC levels in drinking water in households, particularly when water is collected from multiple sources, stored and mixed with older water.
At the time of the study, controlled bucket chlorination (concentrated chlorine solution dispensed directly into water collection containers) was being implemented at 70 water points within the town catchment area. These water points (classifed in our survey as 'private wells') comprised 36 boreholes connected to open concrete tanks, 31 hand pumps, 2 foot pumps and 1 MSF installed jetted well at the riverside. MSF also supported the repair of two automatic chlorine dosing systems for the town water networks. Chlorine was dosed, according to emergency drinking water guidelines (MSF ; WHO ), to systematically achieve a free chlorine residual (FRC) at the point of collection of 0.5 mg/L after 30 minutes contact time. The chlorine dosage at each water point was checked on a daily basis to ensure consistency.
Outreach workers conducted hygiene promotion at water points and by visiting all households at least biweekly.
During the first week of December 2016, one hygiene kit was distributed to each household in the town (n ¼ 10,567). The kit included one jerry can, three months' supply of soap (250 g/person/month), one bucket and two plastic goblets. A hygiene promotion campaign focusing on handwashing with soap was implemented in parallel to the distribution.
In January 2017, we conducted a cross-sectional study to estimate the coverage of hygiene promotion in the community, use of the hygiene kit and effectiveness of the water treatment programme. We sought to identify any gaps in the outbreak response and to provide further insight into the challenges of implementing these interventions during a hepatitis E outbreak in an open setting.
METHODS

Sampling strategy and sample size
The study population was females over the age of 18 years residing in Am Timan. We selected a simple random sample of households from a comprehensive list compiled during community outreach activities, where each household was assigned a block and house number through systematic door-to-door visits. Surveyors visited the selected households and interviewed a woman who selfidentified as being responsible for water collection.
Women were chosen as the respondent, since they are most involved with water handling and hygiene practices within the household in Chadian culture. If no respondent was available within a given household, the closest neighbouring household was selected. This was repeated a second time if necessary.
It was estimated that 395 households were needed to detect 50% coverage of households with a detectable FRC level (0.1 mg/L) in stored water at a precision of ±0.05, with a design effect of 1, 2% non-response and an estimated town population of 50,000. This sample size was chosen in order to be representative of the whole community.
Data collection
Data was collected during the period 27 December 2016 to 8 January 2017, by a team of nine surveyors who were not affiliated with the water and hygiene activities. Surveyors interviewed respondents in their homes using a structured questionnaire with spot check observations. Questions comprised: demographics (family size and composition), recall of HEV prevention methods, hygiene kit items (presence and use) and water handling practice. Furthermore, respondents were asked whether their water had been chlorinated and the reason why if they had refused; when was the last time they collected water and the level in the storage container when they added new water. Surveyors also estimated water storage container size and measured the FRC level in the container identified by respondents as most frequently used for drinking water. This was done with hand-held pool testers following the manufacturer's instructions (Palintest ® , UK).
The questionnaire was developed in written French, since Chadian Arabic is a verbal dialect and cannot be easily written. A translation into verbal Arabic was done together with the survey team through consensus to ensure consistency. Data entry was performed by a clerk in the field using Microsoft Excel and checks were performed to ensure accuracy.
Statistical analysis
We calculated medians and ranges for numerical variables and prevalence (proportions) with 95% confidence intervals (95% CI) for categorical variables. We calculated prevalence ratios (PRs) and respective 95% CIs using Poisson regression to examine associations for having safe FRC levels (defined as 0.2 mg/L) with the amount of water in the storage container when it was refilled, the time since last water collection and the most commonly used source of water.
All analyses were carried out using R statistical programming software version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).
ETHICS
The MSF Medical Director (Amsterdam, The Netherlands) exempted this study from full review in accordance with the MSF Ethical Review Board guidelines, as it represented routine monitoring and evaluation work where respondents were not exposed to risks. Verbal consent to participate was obtained from all respondents in their native language prior to beginning the questionnaire or conducting water testing. All responses were treated as anonymous and confidential. Households with FRC below the safe level in their stored drinking water were informed about safe water storage and handling practices.
Permission to perform the study was granted by the MoH.
RESULTS
Demographics
Three of the 395 households responding to the survey were excluded due to missing FRC data; therefore, 392 households were included in the analysis. The median household size was seven people (range 1-33) and the median number of children <5 years of age per household was two (range 0-10).
Hygiene promotion
MSF's hygiene and health promotion messages related to HEV reached 388 (99%, 95% CI 97-100) households. The most common dissemination method was a household visit by an outreach worker (90%, 95% CI 86-93), followed by radio (56%, 51-61), contact at water points (45%, 40-50) and the mosque (9%, 6.4-12). Two hundred and seventy-five (70%, 95% CI 65-75) respondents reported hearing messages through more than one method.
The messages most frequently recalled by the respondents related to handwashing before preparing food (96%, 95% CI 94-98) and after using the toilet (89%, 95% CI 85-92) ( Table 1) .
Of all respondents, 185 (47%, 95% CI 42-52), 106 (27%, 95% CI 23-32) and 83 (21%, 95% CI 17-26) respondents recalled all key messages related to each of three health promotion subjects: handwashing, chlorination and HEV awareness, respectively (Table 1) .
Hygiene kit distribution and hygiene behaviour
Hygiene kits were received by 390 (99%, 95% CI 98-99) households. All households who received a hygiene kit had the four items present (jerry can, plastic goblets, bucket and soap) and also reported having used them.
Soap and water were observed to be present at handwashing points of 391 (99%, 95% CI 98-100) households; 382 (97%, 95% CI 95-99) respondents reported always washing their hands before eating. Soap from the hygiene kit distribution was also reported to be used for washing clothes in 386 (98%, 95% CI 97-99) households and for bathing in 389 (99%, 95% CI 98-100) households.
Water sources, transport and storage
Water was sourced from private wells in 269 (69%, 95% CI 64-73) households, in-home taps in 141 (36%, 95% The overall median FRC level measured was 0.1 mg/L (range 0.1-3). Containers that had been empty prior to being refilled and containers that had been refilled within the previous 6 hours had a median FRC value of 0.3 mg/L (range 0.1-3) which is above the safe level of 0.2 mg/L ( (Table 3) .
Stratifying by level of water in the container at refill (empty versus not) indicated that water maintained a safe FRC level for a longer period of time when added to an 
DISCUSSION
Our study results indicate high coverage of hygiene promotion activities and a successful hygiene kit distribution in the community. Hygiene kit items were present in households and almost all respondents indicated that they used soap for washing clothes and bathing in addition to handwashing. While it cannot be ascertained whether personal hygiene at the household level was improved as a result of the interventions, the fact that soap was available and people were able to recall multiple prevention messages without being prompted, does suggest the potential for an improved hygiene environment and hence reduced household transmission. Our finding is supported by a previous study during a cholera outbreak in Haiti suggesting that when a distribution of kits containing hygiene items was coupled with intensive hygiene messaging, it did lead to a notable increase in self-reported use of the items (Gartley Our unpublished bucket chlorination monitoring data from the Am Timan outbreak indicated that FRC levels of 0.5 mg/L after 30 minutes' contact time were consistently delivered at the point of collection. However, at the point of consumption without any time or storage factors taken into consideration, we measured a safe FRC level in only 43% of households. We were unable to identify a particular water source type as being the reason for this low coverage. We did, however, find two other potential reasons: the mixing of old and freshly chlorinated water in household storage containers; and the time since water in storage containers was chlorinated and refilled.
Our study found that almost all respondents used plastic jerry cans for water transport, but then transferred it into larger (60 L) ceramic storage vessels in their homes. Households who reported putting freshly collected water into empty storage vessels compared to those who did not, had In future outbreaks, we will then need to revise our criteria for deciding the initial chorine dose required at the point of collection. Although one study has shown that users accept chlorine levels up to 2.0 mg/L (Lantagne ), this is highly population dependent and simply increasing the FRC concentration may be inappropriate for taste, odour and, as we have seen, religious practice reasons. We will need to take this into account as well as adapting our messaging around the need to regularly replenish water, cover water containers and to store these out of direct sunlight.
In Am Timan, water use and practice is diverse, with a majority of people using private wells where payment for water is common, while others access piped networks and river water. This survey was conducted during the dry season and river water was mostly inaccessible, however this was anecdotally observed to be an important source of water several months earlier. This is very different to camp settings where agencies can control where and when water is collected. We found that those taking water from 'private wells' were more likely to have a safe FRC level compared to other sources; however, we were unable to pinpoint exactly which source type was not being effectively chlorinated. Additionally, it is well documented that FRC levels decrease in piped distribution systems, and in Am Timan chlorination of the town water supply was intermittently interrupted due to technical issues with the chlorine however, they may also have had no effect. One modelling study showed that the timing of interventions during a HEV outbreak is very important and that in a previous outbreak timely action probably led to a 4.9-6.7% reduction in total cases (Mercer & Siddiqui ) . Our survey did not intend to directly measure health impact as we fully appreciate this is methodologically challenging in outbreaks and emergencies, as highlighted in recent systematic reviews (Taylor et al. ; Yates et al. ) . This is an area where research methodologies need to be adapted and tested in future outbreaks.
LIMITATIONS
Our study suffered from several limitations. First, social desirability bias may have led to an overestimation of selfreported measures, as participants may have felt that they would receive further benefits; surveyors made every effort to explain this was not the case. There may have also been a further bias in our survey as we asked participants to recall hygiene messages before asking about their practices.
Second, it was not possible to distinguish whether river water was sourced from the MSF jetted well, which was chlorinated, or the river itself; thus the collected data does not necessarily reflect that particular intervention. Third, the pool-testers used for FRC measurement were graduated with readings at 0.1, 0.3 and 0.6 mg/L and above, thus it may be that the FRC level recorded was inaccurately above or below the safe threshold. Furthermore, testing FRC in the water storage container indicated by the respondent as being most frequently used for drinking may have led to an overestimation of FRC levels as a whole.
Our intervention did not include a sanitation component, as this was deemed to be a lower priority at the time given the open setting and limited resources; however, this may have been an important factor given the faecal/oral route of HEV transmission.
The lack of a baseline survey to assess the initial status of hygiene, health behaviours and water handling practices, means that it is impossible to judge whether the interventions led to an improvement in these areas. Finally, it was not possible to conduct a multivariable analysis, controlling for confounders and effect modifiers, due to sample size restrictions. 
CONCLUSIONS
